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The measurements of the mixing parameter which describes the difference in width (the inverse of the lifetime) 
between the heavy and light states are described. These measurements include direct measurement of AFs and 
Ts by resolving CP eigenstates by angular analysis and measurements in which the proportion of CP even and odd is 
known. 

1. THE 8° MESON SYSTEM 

The Bg meson is a bound state consisting of an anti-bottom quark and a strange quark. Its antimatter partner 
consists of a bottom quark and an anti-strange quark. These two mesons can be interchanged by a second order weak 
interaction, represented as a Feynman box diagram. The parameters which describe this mixing between and B^ 
are predictable parameters in the Standard Model which could be modified by non Standard Model contributions 
to the box diagram. The system is usually characterised in terms of heavy and light mass eigenstates which are 
superpositions of the B^ and B^ and thus there are five key parameters: masses {rriH and tol), widths {Th and 
Tl) and a phase (/3s)- The first measurement of the difference in mass, Arris, was made in 2006 Since this 
measurement is so precise, the B physics program at CDF now focuses on the measurement of AF = Fl — Th which 
is discussed here, (3^ and F = F^f + Fl/2 discussed in the proceedings of D. Tonelli and S. Behari from this conference. 

2. MEASUREMENT OF AT 

While Arris has been measured to great precision, AFg has so far been measured imprecisely. A measurement of 
ATs provides an extra test of the Standard Model since new physics may enter through the phase Ps- 

AF = AF^^^ X |cos2/3,| (1) 

With measurements of both Arris and AF, the following Standard Model relation can be tested, where B,Bs and 
Bji are parameters from lattice QCD 

X 10-'' (2) 

In interpreting the results presented in this report, the assumption should be made that the Bg light mass eigenstate 
is CP even and the heavy state is CP odd. Two approaches to measuring AFs are pursued. The first is to analyse 
B^ —I- J/ip4' decays, fitting the angular distributions between the decay products in order to decipher the CP odd 
and even content. The second is to measure the width in a CP specific decay for which the proportion of CP odd 
and even states is known a priori. 

2.1. Direct Measurement of Ar^ : B° J/iprp 

Approximately 3150 decays of B° J/ipff) are gathered in 2.8 fb^^ of CDF Run II data. In this sample, a 
simultaneous fit is made to the mass, lifetime and angular variables. The lifetime distribution and its fit projection 
are shown in Figure [TJ Since the decays are of a pseudo scalar decaying into two vector mesons, the decays contain 
S and D wave states which are CP even and P wave states which are CP odd. Therefore angular distributions in 
the J/ip and cj) rest frames give information on the CP composition of the B^ J /'<P4' decays, measured in terms of 
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\Aq\ and |yl||| which indicate the S,D and P wave composition. The results of the simultaneous fit assuming no CP 
violation are 

cTg ~ 459 ± 12(siai) ± 3(sys) /im 
ATs ^ 0.02 ± OM{stat) ±O.Ol{sys) ps-^ 
l^oP = 0.508 ± 0.024(siai) ±0.008(sys) 
= 0.241 ±0.019(siai)±0.007(sys) 

The main systematic uncertainties in the AF^ measurement are from the lifetime resolution model and the background 
lifetime model. The result can be compared to the predicted value of AFs = 0.096 ± 0.039 ps~^ [3]. The previous 
iteration of this analysis has been published 
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Figure 1: Lifetime distribution o/B^ J/ip4' candidates with fit superimposed. 



2.2. Measurement of Ar^ from CP specific state: B° D+D- 

The decay Df Dj^ is a 6 — > ccs decay which is purely CP even in composition. Therefore a width measurement 

of DfD^ would measure F^. The branching ratio of the B° DfDj^ mode is related to the difference in 

width between the two weak eigenstates "5^] and so can provide an indirect measurement of ATs'. 

^ = 2xBi?(B2-i?W+i?W-) (3) 

The assumption is made that the width difference is mainly caused by B° — > oi*^^ oi*^ decays. Other decays which 
are not purely CP even are assumed to have much smaller branching fractions. The B^ Df Dj^ {Df — > (pTr,Dj 
(f)TT or K*K or tttttt) branching ratio is measured relative to that of DfD^ in order to eliminate sources of 

systematic uncertainty. The remaining candidates with — > (/)7r+ after selection are shown in Figure [2] for the 
B^ — > D'^D~ mode, which is clean owing to the presence of two narrow resonance (j> mesons in the final state of 
the decay. The mass distributions are fitted with a three component fit: the Gaussian signal distribution; the 
combinatorial background distribution obtained by fitting the high sideband and extrapolating it under the peak; 
and the physics backgrounds, obtained from Monte Carlo simulations. A multi-parameter fit is performed, yielding 
greater than five standard deviations significance and a branching ratio of Q: 



BR{B^, ^ D+D-) ' l-44i;]:^?(stat)+[;:^«(sysi) ± 0.21 (^gj ± O.2O(i3i?(0^)) 

From this measurement, a 95% confidence level limit of AF^/Fs > 0.012 can be set using equation[3l A lower limit 
is set since equation [3] includes excited Dg states while this measurement is made on the non-excited Ds states. 
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2.3. Measurement of Ar^ from CP specific state: B° K+R- 

FuUy hadronic decays of B mesons can be resolved at CDF thanks to its displaced track trigger which requires a 
pair of tracks in the drift chamber at level 1 in the triggering system, and a displaced track in the silicon detector at 
level 2. In addition, the CDF detector has excellent mass resolution which aids in separation of the various B decays 
into pairs of hadrons. The projection of the fit to invariant mass, particle identification quantities and a measure 
of momentum imbalance is shown in Figure [H The decay B^ — > K^K~ is almost 100% CP even and therefore a 



Dl D\ («f Ji) (ifTi) 

Mass Window: [5.351 , 5.383] 
D, D,: 9.1± 3.1 



L LLLU 

5.5 6.0 

Mass GeV/c^ 

Figure 2: — > Df D'^ candidates with mass fit superimposed. 

measurement of the B^ meson lifetime in this state can be combined with knowledge of the average B" lifetime in 
order to obtain a measurement of AFs . A lifetime fit is performed in 0.36 fb^^ of CDF Run II data and yields 

t(B° ^ K+K- ) = 1.53 ± 0.1S{stat) ± 0.02{sys) ps (4) 

Using the Heavy Flavour Averaging Group flavour specific lifetime, t(B°) = 1.454 ± 0.040 ps, yields 

Ar,/r,. = -0.08 ±0.23 ±0.03 (5) 





3. CONCLUSIONS 

Several measurements of AF^ have been presented. In the presence of new physics these measurements need not 
necessarily agree. With increased precision in Tevatron analyses, hints of new physics may be revealed. 
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